Direct exposure to asbestos was determined from responses to three types of questions: specific queries as to any exposure to asbestos; occupational or non-vocational participation in any of nine specific activities thought to entail exposure to asbestos; and analysis of lifetime work histories. Indirect exposures were assessed through residential histories and reported contact with family members exposed to asbestos. Results-Among men with pleural mesothelioma the attributable risk (AR) for exposure to asbestos was 88% (95% confidence interval (95% CI) 76-95%).
diagnosis was confirmed in a special pathology review as definite or probable mesothelioma (n = 208) were included in the analysis. Controls (n = 533) had died of other causes, excluding cancer, respiratory disease, suicide, or violence. Direct exposure to asbestos was determined from responses to three types of questions: specific queries as to any exposure to asbestos; occupational or non-vocational participation in any of nine specific activities thought to entail exposure to asbestos; and analysis of lifetime work histories. Indirect exposures were assessed through residential histories and reported contact with family members exposed to asbestos. Results-Among men with pleural mesothelioma the attributable risk (AR) for exposure to asbestos was 88% (95% confidence interval (95% CI) 76-95%).
For men, the AR ofperitoneal cancer was 58% (95% CI 20-89%/6). For women (both sites combined), the AR was 23% (95% CI 3-72%). The large differences in AR by sex are compatible with the explanations: a lower background incidence rate in women, lower exposure to asbestos, and greater misclassification among women.
Conclusions-Most of the pleural and peritoneal mesotheliomas in the men studied were attributable to exposure to asbestos. The situation in women was less definitive.
(Occup Environ Med 1994;51:804-81 1)
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The incidence of mesothelioma has been increasing throughout the industrialised world.'-1" The overall upward trend in incidence of mesothelioma in the United States from 1974-1990 is primarily due to increased incidence among men." Although asbestos exposure is generally accepted as the primary cause of this tumour, other agents are suspected of causing or promoting mesothelioma in experimental studies of animals.'2-14 A review of the scientific literature on animals and humans indicated that a significant proportion of mesotheliomas may be due to factors other than exposure to asbestos. '4 In this paper, we estimate the proportion of mesothelioma cases in the United States diagnosed between 1975 and 1980 that can be attributed to asbestos, and compare the proportions of mesotheliomas explained by four different measures of exposure.
Materials and methods

STUDY SAMPLE
Potential cases were identified from the New York State Health Department Cancer Registry, the Los Angeles County Cancer Surveillance Program, and 39 large Veterans Administration hospitals, and were diagnosed between 1 January, 1975 and 31 December, 1980 . Those from Los Angeles County and New York State (population based cancer registries) included all incident cases whose registry files (including hospital, clinical, pathology, and death certificate reports) mentioned the word mesothelioma; and from the Veterans Administration hospitals all pleural and peritoneal mesothelioma cases for whom pathology slides or tissues were available for study. For the Veterans Administration, pathology services at individual hospitals selected potential cases in response to a letter sent from the pathology service in the Veterans Administration Central Office.
Telephone interviews were conducted with the next of kin of eligible cases and controls, between 1982 and 1984. Of the 720 eligible cases, next of kin of 536 (75%) were successfully interviewed and 184 respondents (25%) were not interviewed: 106 were not located, 64 refused to be interviewed, eight were not approached due to refusal by the physician to allow contact, and six had partially completed interviews. Of these 536 completed interviews, 208 pleural or peritoneal cancers were confirmed by an expert pathology review (see next section) as definite or probable mesotheliomas. These 208 confirmed cases form the case group for this study.
Controls were selected from people who died of causes other than cancer, respiratory disease, suicide, or violence. Cancer and respiratory disease were excluded because several cancers and respiratory diseases may be related to asbestos exposure.'5 Suicide and violence were omitted because of concern for the potential trauma involved in interviewing next of kin of people who died from violent deaths. Controls from New York State and Los Angeles County were selected from death certificate files. Controls from the Veterans Administration-were selected from deaths in the beneficiary identification and records location subsystem (BIRLS), a computerised file of veterans who received medical and financial benefits. The controls from the Veterans Administration are representative of all veterans who have sought benefits from the Veterans Administration. Originally, pair matched controls (matched to cases on date of birth, race, sex, year of death, and county of residence (New York State, Los Angeles County) or hospital (Veterans Administration) had been selected for the 208 confirmed cases who were used in the analysis. A larger group of controls was available, however, the 678 eligible controls were matched to the original 720 eligible cases (before review of histological slides). Of these 678, next of kin of 533 (79%) were interviewed, and 145 respondents (21%) were not interviewed: 138 were not located, four had partially completed interviews, and three refused.
To take advantage of the information available from the controls matched to unconfirmed cases, these 533 subjects were used in the analysis as the control group. Adjustment for age, geographic area, and smoking by stratification and logistic regression, rather than with a matched analysis, enabled us to control confounding while maximising precision. 16 Attributable risk (AR) was defined as the proportion of disease burden that can be related to asbestos exposure. Adjusted overall and partial ARs for asbestos and corresponding 95% CIs were based on a computed unconditional logistic regression.? 32 The models controlled for the main effects and interactions of age (four levels), geographic area, and sex, and for the main effect of smoking (ever or never). Age, area, and sex specific models, of course, omitted the respective covariate. The overall AR compared those never exposed with the remaining subjects, exposed by any measure of exposure to asbestos. Partial ARs were calculated to evaluate the proportion of mesothelioma related to the individual measures of asbestos. Partial AR is defined as the proportion of disease burden that can be related to asbestos exposure captured by the particular measure. For the partial ARs, three categories of exposure had to be considered in the model; subjects exposed to the measure of interest, those never exposed, and those neither exposed to that measure nor unexposed. Thus Table 3 shows ORs and 95% CIs for the risk of mesothelioma from exposure to asbestos by sex, age, and tumour site (men only). The ORs were nearly an order of magnitude higher for men than for women for all measures of asbestos exposure. None of the ORs among women was significantly different from unity, but female cases were few. Among men, pleural mesothelioma was more strongly associated with asbestos exposure than was peritoneal mesothelioma. Among the measures of asbestos exposure, the question, "Was the study subject ever exposed to asbestos?", generally yielded higher ORs than the other measures, followed by the subgroup of jobs for which the likelihood of exposure to asbestos was at least 20%. When ORs for age at death <65 and > 65 were compared, there were no important differences. Many subjects had multiple activities involving asbestos exposure. For example, among subjects with brake lining installation or repair history, 33% also had shipbuilding or shipyard work and 55% had performed insulation work. For this Responses to the ever or never exposed to asbestos question yielded the highest risk (OR = 234-7, 95% CI 17'6-9318-1) among subjects most recently exposed, and lower risks with longer latent periods. In contrast, risks were similar for all intervals since first exposure to any of the nine activities, and higher for longer latency periods for the two likelihood categories. The ORs based on the nine suspected activities gave inconsistent results for age at first exposure. According to the ever or never question, the risk was higher with younger age at first exposure. For both categories of likelihood of asbestos exposure, subjects had lower risks if they were exposed after the age of 35, but the pattern was not consistent in younger age groups.
Results by decade of first exposure were complementary to those for latency, with the two likelihood measures showing higher risks for subjects exposed earlier, and the ever or never questions showing highest risk among subjects beginning exposure most recently. Risks were not relatively higher for first exposure during the 1940s, except for those subjects who were involved in at least one of the nine suspect activities. Of the men with pleural mesothelioma 70-80% were judged to have been still exposed in the 1950s and later by each of the measures of asbestos exposure. Risk patterns were inconsistent across categories of decade of last exposure by the different measures. Table 5 shows the overall AR of mesothelioma that can be related to asbestos and partial ARs for each individual measure of exposure. Among men, pleural mesothelioma was associated with higher ARs than was peritoneal mesothelioma. A substantially smaller percentage of the cases among women were attributable to asbestos, both overall (AR = 22-5) and for individual measures of exposure. Except for the ever or never question, ARs for women were not detectably different from zero. Overall and partial ARs were higher among the all male Veterans Administration population than among the New York State or Los Angeles County total Mesothelioma was not significantly associated with asbestos exposure among women in our study, although the OR for ever exposed women was 2-7. Although over 50% of the female cases reported some exposure to asbestos, the number of female cases was small, and women were less likely than men to be employed in jobs expected to have the highest exposure to asbestos, such as shipbuilding and insulation work. It is generally accepted that < 10% of the workforce exposed to asbestos is female.6' Vianna and Polan, in a study restricted to women, reported a significant association with indirect exposure to asbestos (husband or father had occupational exposure; OR = 10 for pleural and peritoneal cases combined).54 Our results are consistent with previous studies in suggesting that differences in incidence rates of mesothelioma by sex and geographic site may be due to differences in exposure to asbestos.
In a previous study of a cohort of asbestos insulation workers the incidence of mesothelioma increased with time since first exposure, but not age at first exposure.20 For most measures we found ORs were higher for younger ages at first exposure. The wide CIs around the ORs for age at first exposure, indicate that our study has limited power to assess this issue. The relation between ORs and latency (time since first exposure) differed for the various measures of exposure. Results for the NOHS likelihood measures were consistent with previous findings, whereas those of the other two measures were not.
McDonald and McDonald described larger relative risks with selected occupations that have been associated with mesothelioma than by assigning probability of exposure to all jobs listed.'8 Their controls consisted of people matched to given cases on age, sex, and year of death, and were restricted to people dying of pulmonary metastases from a non-pulmonary malignant tumour. They included a small group of jobs that had possible asbestos exposure as non-exposed in their analysis. In our study, the largest ORs come from the ever exposed question, then from the NOHS rating of the likelihood of asbestos exposure, which assigned probabilities of exposure to each job, for jobs where the probability of exposure to asbestos was >20%.
In our study, the definition of non-exposed was made as restrictive as possible and excluded any study subject ever exposed who had any of nine specified activities, any job with NOHS likelihood of exposure >0, ever cohabited with someone exposed to asbestos, or ever resident within two miles of an asbestos mine or mill. Because of the well known association between asbestos exposure and mesothelioma, there may have been reporting bias by next of kin of cases in responding to the question: "Was (study subject) ever exposed to asbestos?" Such a bias would result in artificially high estimates of OR and AR.
All measures of asbestos exposure show the expected gradients in ORs for tumour site and sex. The NOHS, used to estimate likelihood of asbestos exposure in tables 2-5, was based on surveys conducted in 1972-74 and seemed not to have captured all exposures in the 1940s to the 1960s, the aetiologically meaningful period for our study, as noted by previous researchers."' Also, it omitted subjects who performed some activities-for example, insulation work-outside work and lacked any measure of intensity. On the other hand, both the NOHS evaluation and involvement in the nine specified activities would be expected to include subjects with little or no exposure to asbestos. Such misclassification would tend to bias the estimates of risk toward the null.
None of these measures is ideal, as the next of kin could not be expected to recall all jobs and exposures for the study subject.6566 In particular, it is possible that exposures and jobs in the more distant past may have been missed. As none of the measures of asbestos exposure used in our study can be considered as the gold standard, it is impossible to measure sensitivity or specificity. Because of the presence of a large shipyard industry in the Los Angeles County area and the uniqueness of the Veterans Administration cases and controls, we do not consider these ARs to be directly representative of the whole population of the United States.
Conclusions
In our study nearly 90% of incidences of pleural mesothelioma among men were directly attributable to past exposures to asbestos. Although there were only a small number of peritoneal mesothelioma cases among men available for study, it seems that a substantial percentage of these cases, perhaps 60%, also could be attributed to asbestos exposure. Among women, however, only about 20% of the cases were attributable to asbestos exposure. As the incidence of mesothelioma among women (about three cases per million women per year for all primary sites combined) is much lower than among men and has remained reasonably constant over time, it is possible that the incidence in women may be close to the background level. Alternatively, exposure to asbestos is lower and misclassification of exposure may be greater among women, which would also reduce their AR. Use of next of kin interviews may have resulted in biased responses. If time dulled the memories of next of kin of controls more than cases, the resulting ORs and ARs would be artificially inflated. The large percentage of cases first exposed in 1950 or later, argues for continued surveillance of future mesothelioma cases.
